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Characterizing a Robot‛s Wireless
Communication Link
Research Conducted in Spring 2013
Faculty Advisors:  Dr. Elizabeth Thompson & Dr. James Isaacs
Exelis Advisors:  Ross Sneary & Eric Harmison
by Charles McIntosh (Electrical Engineering)
Abstract:
This work represents an effort to support an on-going project by characterizing
the wireless communication link of a teleoperated robot.  The purpose of this research
is to make the robot operational using its untested 802.11n wireless technology, to
define measurement and experiment procedures for testing the link performance,
and to make preliminary measurements of the robot's communication link.  (The
802.11n standard is said to have better multipath performance than the earlier
802.11g standard with which the robot had previously been equipped.)  By installing
network performance software on both the robot and its base station, the wireless
communication link is tested for throughput and packet loss rate. These tests are
performed in both line-of-sight (LOS) and non-line-of-sight (NLOS) environments. It is
found that the robot's wireless configuration provides LOS communication with
relatively high throughput and minimal packet loss over at least 400 feet, while in
NLOS environments, the signal can fade completely in a much shorter distance.
Background:
The robot to be tested (shown in picture) was originally built in 2004 by
Eric Harmison and Robert Carper as a project between IPFW and ITT
Exelis.  Since then, two other IFPW senior design teams have modified
the robot, and it now features auto navigation capability with its GPS and
sensors that allow the robot to detect and avoid obstacles, as well as its
original teleoperation capability.
The performance of the robot‛s communication link has previously been
evaluated using IEEE standard 802.11b and 802.11g wireless network
cards as well as a proprietary MeshNetwork card.  The robot‛s latest
wireless link technology, which had not been tested, is an 802.11n
standard router (ASUS RT-N16 Wireless N Router) installed on the
robot and a USB wireless card (Linksys WUSB300N) on the base station.
Proposal:
As stated in the abstract, 802.11n technology is said to have
better performance than the previous 802.11x standards due in
part to its MIMO capabilities (multiple-in, multiple-out).  It is
proposed to test the performance of the robot using its lastest
802.11n technology in order to determine whether the new
standard actually improves performance of a robotic
communication link.  Both NLOS and LOS situations will be
tested, since these environments can have dramatically
different effects.
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Conclusions:
The 802.11n technology obtains significantly higher
throughput, lower packet loss, and a much longer 
range when in line-of-sight environments than when
in non-line-of-sight environments. Consequently,
the 802.11n standard‛s MIMO capabilities, though
they may help increase message completion and range, 
does not completely overcome NLOS obstacles. 
 
TCP throughput does not drop below 10 Mbps until
after 140 feet from the robot in an interior hallway 
NLOS environment, and it never drops below 10
Mbps in a LOS outdoor environment as far as it has
been measured – to 350 feet. This indicates that the ability
of the robot to send and receive commands may be impaired
in an indoor or NLOS environment much sooner in terms of
distance than in an open LOS environment. 
 
Indoor UDP packet loss tests indicate that the ability of the
robot to transmit video to the base station is significantly
impaired by NLOS conditions such as corners and narrow
paths. Indoors in a NLOS environment, UDP packet loss jumps
to 15% or more after about 170 feet, while UDP packet loss 
outdoors in LOS conditions never exceeds 4% for at least
400 feet.
Results:
Indoor TCP testing (shown at right)
reveals a visibly decreasing throughput
as a function of distance. These results
were obtained by moving the base
station through the hallways of the
3rd floor of the ENGR building, getting
progressively further from the robot.
Because of the narrow hallway and
other objects near the testing area,
this is an NLOS environment.
Indoor NLOS UDP testing
(shown at right) also reveals
a worsening signal, evidenced
by the large packet loss
after about 170 feet. This
drop in signal reception is
further pronounced by the
complete inability of the
signal to reach the base
station after 189 feet.
Outdoor LOS TCP testing (near right)
shows a decrease of TCP throughput
over distance, as expected, but the
slope is less sharp and the link
maintains a throughput somewhat
higher than indoor TCP throughput
testing at all levels.
Shown far right, outdoor LOS UDP
testing shows a very low packet loss
consistently through 300 feet.
Equipment limitations prevent testing
farther than 400 feet.
Testing Setup:
Both LOS and NLOS testing routes are determined. For indoor
LOS testing, a straight path from the east entrance on the
3rd floor of the ETCS building on the IPFW campus down the
hallway to Room 311 is used (segment AB).  Indoor NLOS testing
is performed by keeping the robot at the east entrance
(identified as point A) and moving the base station
down the hallway through three turns toward the elevator and
stairs. Outdoor LOS testing is performed using the sidewalk
north of the main IPFW campus west of the tennis courts; this
choice of location ensures an environment relatively free of
other 2.4 GHz activity.
Choosing a Testing Utility:
In order to test the wireless communication link between the robot and its base station, a network
monitoring program is necessary. Several alternatives are tested and a utility called Iperf is chosen.
Iperf is an open-source software that measures the maximum TCP bandwidth of local area
networks (LAN), allowing the tuning of various parameters. It can also measure UDP
characteristics including bandwidth, delay jitter, and datagram (packet) loss. Iperf is cross-compatible
with multiple operating systems, including a wide range of Linux offshoots as well as Windows XP. The
full software must be installed on both computers at the ends of the network path to be tested. Once
installed on each system, Iperf is run (via command line) by setting up one computer as a server and
the other computer on the network as a client. A link is established in Iperf between the two
computers and tests can then be run between them. The client sends data, while the server receives
data.
Procedure:
The robot sends a TCP stream of data as
large as it can to the base station for 30
seconds, all in datagrams of 1472 bytes.
Iperf then reports the total data
transferred and the throughput of the
test. Each test is performed once at
ten-foot intervals until the wireless signal
is lost.
To measure TCP throughput:
The robot sends a UDP data stream to
the base station at a constant rate of
8Mbps for thirty seconds in datagrams of
1472 bytes. Iperf records the total
amount of data transferred, the packets
lost and the total number of packets, and
the packet loss rate as a percentage. Each
test is performed at 10-foot intervals until
the packet loss rate exceeds ten percent.
To measure UDP packet loss:
Base station:  iperf -s -N
Robot:  iperf -c <IP> -N -l 1472 -t 30
Base station:  iperf -s -u -l 1472
Robot:  iperf -c <IP> -u -b 8m -l 1472 -t 30
Did you know a
robot‛s surroundings
dramatically affect its
wireless link?
small room with lots
of obstructions
. . .
bad signal!
spacious, open area
with no obstructions
. . .
good signal!
(continued ...)
